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Abstract.—Nine field plots (each 0.4-0.6 ha) were selected along the 
south central part of Long Island, New York, to study the effect of insec- 
ticide spray frequency on a questing Dermacentor variabilis population. 
Assignment of treatment was made according to dominant vegetation, lo- 
cation and tick preferential habitat. Three plots received no treatment, 3 
plots were sprayed with water (3 once, 2 twice, and one 3 times) and 3 plots 
were similarly sprayed with an emulsifiable formulation of naled. Plots were 
randomly monitored for tick density at weekly intervals. A total of 2,872 
ticks was collected from all plots by dragging. Multiple and simple regres- 
sion and exploratory data analyses were employed to determine normal or 
estimated tick populations at each plot throughout the adult tick season, 
rate of seasonal weekly decline of tick population, and the effect of insec- 
ticide spray frequency on the questing American dog tick population. Re- 
sults indicated a 20% weekly exponential decay in numbers of questing adult 
ticks over the 1978 season. No effect was seen due to the water treatment. 
One spray of naled produced an 82% reduction of the questing tick popu- 
lation; 2 sprays, a 95% reduction; and 3 sprays, a 96% population reduction. 


Investigations on the effect of insecticides or acaricides on tick popula- 
tions in the field have been reported (Hoch et al. 1971; Mount et al. 1968, 
1971; Smith et al. 1946; Wharton et al. 1976). Yet, little work has been done 
to delineate the effect produced on seasonal populations of questing Amer- 
ican dog ticks by a series of well timed insecticide applications. The elab- 
orate work reported by Smith et al. (1946) is the classic description of the 
biology of Dermacentor variabilis and has provided a foundation for further 
research into bionomics and improved control techniques. 

Extensive tick control has been most commonly practiced in areas where 
ticks affect livestock (Drummond 1977; Teel et al. 1977; Wharton 1976). 
Area control of tick species affecting humans has become of recent interest 
to public health agencies along the east coast of the United States due to 


1 Acari: Ixodidae. 
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the increase of reported Rocky Mountain spotted fever cases (Benach et al. 
1977; D’ Angelo et al. 1978; Hattwick 1971; Loving et al. 1978). 

Preliminary laboratory and field experimentation (White and Benach 1980) 
indicated the susceptibility of D. variabilis to naled (1,2-dibromo-2,2-di- 
chloroethyl dimethyl phosphate), a nonpersistent insecticide. The devel- 
opment of fast-acting non-residual insecticides has benefitted public health 
agencies concerned with vector control. The advantages derived from the 
use of nonpersistent chemicals can be enhanced by a schedule of chemical 
applications during a particular tick season (Clymer et al. 1970). 

Because control of the American dog tick is directed to the questing 
population, a certain percentage of ticks may be protected from the spray 
technique, e.g. in the soil, on hosts, or at the bases of vegetation. The 
population monitoring technique most often used for D. variabilis (i.e., 
dragging) measures only the questing population. The effect of chemical 
sprays may not be felt by the majority of ticks in a field or plot at any 
particular time. Dragging has been shown to be an inefficient (White et al. 
1980) tool for monitoring actual field populations, and actual estimates of 
field populations have to be extracted from a combination of prior seasonal 
population data, abiotic factors affecting a particular plot (weather, vehicle 
traffic, etc.), potential favorable habitat, host availability and residents’ 
complaints. A series of chemical applications can be made to compensate 
for the inherent weaknesses of field tick population estimates. Ticks that 
happen to be at the base of some vegetation may successfully escape contact 
with a chemical application. However, if these and other ticks are exposed 
at the time of subsequent applications, chances are greater that most ticks 
on the plot will, at some time, be subjected to contact with the acaricide. 

A series of well timed chemical applications could lead to an effective D. 
variabilis control program. The present paper discusses the effect of 3 mist 
applications of naled at 4-week intervals on the questing population of D. 
variabilis over a 3-month season. 


Materials and Methods 


During the early spring of 1978, nine field plots (0.4—0.6 ha) were selected 
along the south shore of central Long Island, New York. Plot selection was 
based on dominant vegetation, location, and likelihood of supporting large 
numbers of D. variabilis. Three plots were chosen for their grass-dominant 
habitat, 3 for their grass-forb mixture habitat and 3 for their grass-forb- 
deciduous combination habitat. All plots were grouped into triplets or blocks 
that were similar in composition for the 3 parameters of vegetation, location 
and tick preferential habitat (Smith et al. 1946; Sonenshine et al. 1972). 
Treatment of each of the 9 plots was allocated a random, subject to the 
following constraints: (1) Three plots received no treatment (C1, C2, C3); 
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(2) Three plots received water sprays (as a control for the application pro- 
cedure), 3 plots sprayed once (W1), 2 plots sprayed twice (W2) and 1 plot 
sprayed 3 times (W3) during the season; (3) Three plots received naled 
sprays, 3 plots sprayed once (D1), 2 plots sprayed twice (D2) and | plot 
sprayed 3 times (D3) through the adult tick season. Assignment of spray 
frequency among the 3 water-sprayed plots and 3 naled-sprayed plots was 
made at random. (See Table 1.) 

A 24 (c) registration was received by Chevron Chemical Co. for the use 
of Dibrom 8 (naled) to control the American dog tick (EPA SLN No. 
780008). Treatment for the D1, D2 and D3 plots consisted of application of 
168 g actual Dibrom per ha (0.15 Ibs/A). The naled formulation (1 ,2-dibromo- 
2,2-dichloroethyl dimethyl phosphate) was supplied courtesy of Chevron 
Chemical Co. Both water and chemical applications were delivered as pre- 
viously described (White and Benach 1980). Plots to be sprayed once were 
sprayed during wk 1; plots sprayed twice were treated during wk 1 and 5; 
the plot sprayed 3 times was treated during wk 1, 5 and 9. 

Weekly tick collections were made at each plot. Ticks collected at plot 
C3 were returned to the laboratory. On those plots that were treated during 
a specific week, collections for that week were made 24 h after the spray. 
White flannel cloth (1 m?) was used to collect questing ticks by dragging. 
Ticks attached to the flannel drag were counted every 10 m along a prede- 
termined line of travel at the roadside edge of each plot (60-100 m). 

All 9 plots could not be monitored for tick population on | day. Therefore, 
the group of plots was divided into 3 sets of 3 plots, each of which would 
be randomly monitored on 3 successive days of the week. In order to control 
for the effect of measuring the plots at different times of day and on different 
days of the week, predetermined random schedules were made resulting in 
72 combinations of tick collection sequences in control, water-sprayed and 
naled-sprayed plots. 

Statistical analyses were conducted using a randomized block analysis of 
variance model where blocks were similar for plot location, dominant vege- 
tation and tick density. For analysis purposes, actual tick counts in each 
plot were normalized and transformed to base 10 logarithms. Analysis of 
data was conducted by 3 separate techniques; exploratory data analysis 
(Tukey 1977), multiple, and simple regression utilizing the analysis of vari- 
ance model. 

Actual field questing tick population data (Table 2) obtained by dragging 
were subjected to the following transformation: 


Yi = (Xijx/Nij) x 100 
Where i = indicator for treatments, i.e., i = 1 for control groups, i = 2 for 


water-treatment groups, and i = 3 for naled-treatment groups; j = the indi- 
cator for blocks, i.e., j = 1 for block 1, j = 2 for block 2, etc; and k is the 
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Table 1. Vegetational composition and number of Dermacentor variabilis collected at each 
of the 9 study plots over the entire season. 


Plot Vegetation* No. ticks collected Total no./treatment 

Ci g-f 261 

C-2 g 316 

C-3 g-f-d 526 1,103 

W-1 g 11 

W-2 g-f 1,034 

W-3 g-f-d 80 1,125 

D-1 g-f 65 

D-2 g 185 

D-3 g-f-d 394 644 
total 2,872 


* g = grass, f = forb, d = deciduous. 


index for week sequence. Therefore, Xix 1s the original total count of ticks 
in treatment 1, block j and week k; N,; is the number of intervals in block 
j, treatment i from which ticks were collected and Y,,, is the transformed 
total count of ticks in treatment i, block j and week k. 

Then, in order to stabilize the week-to-week variability within plots, the 
transformed data were normalized using a log transformation: 


Zii = logi( Yi + 1). 


In view of the fact that each plot had varied original (pre-experimental) 
questing tick populations due to the dominant vegetation, and the plots were 
minitored for tick counts on a random basis over a 3-day period, a median 
polish process was utilized to produce a range of values about a 0.0 residual 
value (expected questing tick counts at a given point in time, Tukey 1977). 

Because both C1 and W1 plots supported very few ticks, the data gathered 
during the same season from plot MR (White et al. 1980) replaced the data 
from Cl. Data from plot W1 were dropped completely so that all analyses 
of effect of water were conducted on data from 2 plots, W2 and W3. 


Results and Discussion 


Dominant vegetational characteristics of each of the 9 plots and numbers 
of ticks collected in each plot throughout the 12-week experiment are listed 
in Table 1. All captured ticks (other than C3) were released in the 10 m 
section of each plot from which they were collected. 

Exploratory data analysis. —By analyzing the transformed data for effect 
of week on the questing tick population (1.e., numbers of ticks over time), 
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Table 2. Actual numbers of questing Dermacentor variabilis collected from each plot during 
the 12-week study. 


Plot 


Week MR* c1 c2 C3 Wi w2 W3 DI D D3 
1 49 4 102 56 2 69 15 3 12 35 
2 33 4 46 60 6 107 21 7 38 128 
3 28 0 45 145 l 98 14 7 27 120 
4 20 0 1 50 1 101 6 6 41 62 
5 23 4 47 114 1 109 4 6 1 2 
6 25 2 23 36 0 141 4 10 3 12 
7 10 0 13 21 0 145 3 2 13 11 
8 16 0 17 12 0 76 3 7 21 18 
9 25 0 7 20 0 84 3 5 15 

10 15 0 4 5 0 53 4 2 5 l 
11 4 0 4 4 0 33 3 5 3 1 
12 13 0 7 3 0 18 0 5 6 3 


* MR = mark-recapture (White et al. 1980). 


the fitted equation produced by exploratory data analysis is Y = 0.5549 — 
0.0913X which indicates an exponential decay rate of 19% (10~°-°9!3 — | = 
0.8104. 1 — 0.8104 = 0.1896 = 19%) on the original scale (actual field col- 
lection data) which explains 88% of the variability of week effects (F = 
74.312, d.f. = 11, a= 0.01, R? = 0.88). By holding week and plot effect 
fixed, a noticeable drop of tick populations is apparent in plots D2 and D3 
after treatment while control plots and water-treatment plots show no such 
relationship. The residual value indicates the transformed tick count that, 
based on data gathered from the control plots, would be expected to be 
present during each week. Values in excess of this threshold value indicate 
a population of ticks larger than that which would be expected; negative 
values indicate populations less than that which would be expected. Also 
evident is a resurgence of tick populations in the D block of plots shortly 
after the spray until the next chemical treatment. 

Multiple regression.—By employing a more definitive analysis in a mul- 
tiple regression process (F = 3.369, 75 df, P = 0.00, R? = 0.4733), further 
significant relationships can be shown to exist. Although the model is ex- 
tremely complex and encompasses effects of individual treatments in each 
plot, the overall week effect and treatment effect are not easily distinguish- 
able. The same transformed and normalized data were also used for this 
| approach. The effect of week on tick populations is similar to that which 
, resulted from exploratory data analysis with a 21% exponential decay rate 
| of actual tick numbers (£ = 96.48, 11 df, a = 0.01, P < 0.001, R? = 0.906). 
_ However, a rebound (due to recruitment) of the tick population occurs dur- 
| 
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Fig. 1. Simple regression estimation of week effect on questing Dermacentor variabilis 


population transformed data. 


ing weeks 5 and 8. The effect seen on the field tick populations by the water 
treatments was variable and probably due to the week effect included in 
this analysis. However, an 82% decrease of the questing tick population 
was seen after 1 application of naled on all 3 plots. On the two plots, D2 
and D3, that were sprayed twice (during weeks 1 and 5), a reduction of 96% 
occurred. Likewise, an 87% reduction occurred on the plot that was sprayed 
for the 3rd time during week 9. 

Simple regression.—By using a simple regression analysis the results be- 
come more clarified because each effect (week or treatment) is removed 
individually. For example, through use of the control groups to estimate the 
week effect on tick populations, the week effect can be extracted from the 
water-treatment group and the naled-treatment group to determine more 
precisely the effect of such treatment. Therefore, because the week effect 
has now been determined without the introduction of insecticide or me- 
chanical stress on the population used for analysis, the actual results are 
more practical. Now the equation fitted for week effect becomes: 


Zik = 2.9252 — 0.0976X (See Fig. 1) 
F = 33.2983. 35 df,a = 0.05, P < 0.01 


VOLUME LXXXIX, NUMBER | 29 


0.4 


<0 
i 
x< 
<Q 
i 
— 
O 
O 
— 
>x< 
Z 
SN 4 
x —o W2 : 
SOR e---e W3 ' 
x Plot sprayed i 
ee a E Threshold value : 
$ 


-1.2 


WEEK 


Fig. 2. Effect of water treatment on questing D. variabilis populations. 


or, that the week effect on the tick population is exponential decay with a 

rate of O ea 1 = 0.7987. 1 — 0.7987 = 0.2013 = 20%). 

By extracting the week effect from the data gathered from the water 
treatment analysis, the effect of water on the tick population is nonexistent 
(Fig. 2). By extracting the seasonal tick reduction figures (week effects) 
from the data gathered from the naled treatment analysis, the effect on the 
questing tick population is pronounced (Fig. 3). Obviously, the effect of the 
Ist naled spray cannot be determined by simple regression because exten- 
sive tick sampling was not conducted prior to week 1. The 2nd naled spray 

reduced the population by 95% while the 3rd spray resulted in a 96% tick 
= population reduction. 

The preliminary laboratory and field experiments performed by White and 
Benach (1980) led to the conclusion that naled could prove effective in a 
large scale control program directed against D. variabilis. However, be- 
| cause naled is nonpersistent, a control program would have to rely on a 
| series of well timed chemical applications over an entire season. For ex- 
| ample, although all ticks were removed from plot C3 each week (Table 2), 
a large number of ticks were captured the following week, indicating 1 or 
both of the following: a large immigration factor or a poor sampling tech- 
nique (White et al. 1980). In order to reduce tick numbers over an entire 
_ season, control should be carried out in a series of applications timed so 
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Fig. 3. Effect of naled treatment on questing D. variabilis populations. 
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that ticks do not reach a threshold value and so that chemicals are applied 
cost-effectively. 

As can be seen in Table 1, tick densities were greatest in either the grass- 
forb or the grass-forb-deciduous mixed habitat than in grass alone. The 
greatest proportion of ticks present in the plots was seen in the first 4-7 
weeks of the study, again dependent on the habitat. By incorporating all 
population data from the control plots (MR, C2 and C3, Table 2) a regres- 
sional analysis resulted in the week effect, or effect of time within a season 
on the natural or nonstressed tick population. Over the season of study, a 
weekly exponential decay rate of 20% explained the general tick population 
depletion through mid-August and therefore represented our weekly thresh- 
old value. 

By removing this week effect from the treatment effect (simple regres- 
sion), a more precise description can be made. After each application of 
naled, there was an immediate decrease in the tick population followed by 
a gradual resurgence over the next 3 weeks. This would be expected because 
naled is efficient but nonpersistent. As the tick population increases to the 
expected value (0.0, Fig. 3), the effect of the previous naled spray has been 
eliminated at that point. An increase beyond the expected value necessitates 
a reapplication of naled to further reduce the questing population. The 2nd 
naled application resulted in a 95% and 97% reduction on plots D2 and D3 
while the tick population continued to increase in D1. 

After the 2nd spray, tick populations again started to increase to the 
expected value at a more rapid recovery. Within 2 weeks, the tick popula- 
tion recovered to the point where they exceeded the expected values in 
both plots D2 and D3. During week 6 and week 9 plot DI was mowed, 
which brought the tick population below what was expected, an uninten- 
tional control mechanism. Plot D3 received the 3rd application of naled 
during week 9, which resulted in a 96% reduction of questing ticks. The 
recovery was now much slower, from week 9 through 12. The effect of the 
physical act of treating the ticks along roadside edges with water (W2, W3, 
Fig. 2) is negligible. 

Although each individual analysis provided both significant statements 
and generalizations concerning the experiments, one analysis followed the 
other in a logical sequence to determine the most significant statements. 
Exploratory data analysis provided the justification for the transformation 
(Tukey 1977) of the raw data to stabilize the variances (plot to plot, week 
to week, etc.), and for the median polish to account for differernces of pre- 
experimental tick populations. This analysis provided an insight into results 
that were confirmed by classical regression techniques. The multiple regres- 
sion and simple regression resulted in almost identical statements (e.g. 20% 
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population decay rate). Simple regression assumed variable independence 
while the multiple regression did not. 

Conclusions derived from all analyses are in agreement. There is an over- 
all decline of the tick population during a season of about 20% per week, 
within the range reported by White et al. (1980). Spraying water on ticks 
had no effect on the population so treated. Low-volume sprays of naled 
resulted in dramatic drops of the population (82-97%) followed by gradual 
recovery, consistent with the mark-recapture study (White et al. 1980) re- 
cruitment phenomenon. Cutting of grass along tick habitats was statistically 
shown to reduce the expected questing tick population for a short term. 
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